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I. ACCOMPLISHMENTS

Reportable progress has been achieved during the period 1 August, 1988 to

31 Oct, 1989 in the following areas of proposed activity.

1. Active Control of Large Space Structures

Compensator Design

Perhaps the most significant single contribution is the successful solution
of the problem of Compensator Design for co-located sensors using continuum models
of flexible multibody systems. Since the state in a continuum model is not
finite dimensional, an explicit Kalman filter block would be impossible to
realize, and hence direct compensator design is the only possible alternative.

We have been able to achieve this by stochastic optimization theory -- by incor-
porating an appropriate state-noise model, and treating it as a "Stochastic
Regulator" problem, in which the boundary rates (mean square average) are
minimized subject to a soft constraint on the control effort. Such a problem
has been treated in the Principal Investigator's monograph [1]. The theory in
[1] requires that the system be exponentially stabilizable -- which is not
possible since the control operator is compact. However if the Large Space
Structure system can be shown to be strongly stabilizable, the theory developed
in [1] goes through. But more importantly it turns out that the infinite
dimensional steady state Riccati equations can be solved in closed form -- a
major contribution in itself since such cases are extremely rare. In particular
the solution can be useful for testing efficiency of the many numerical computing
schemes proposed for solving such equations. In any event the closed form

solution makes possible explicit calculation of the achievable minimal boundary




rates for given control effort -- see [2], [3] -- (the theoretical aspects are
emphasized in [2]). In particular the performance indices show the role played
by the structure as contrasted with that of the controller -- a typical case of
controls-structures interaction. In addition the performance of the compensator
is evaluated when in the "truth model" there is in fact no actuator noise.

The nontrivial part in the theory here is to show that a steady state exists --

in particular this needs the Principal Investigator's white noise theory [l]

since the steady state covariance operators are no longer nucle~r and hence the
Wiener process formalism would not apply. In other words this problem completely
vindicates the whole gamut of theory -- Stochastic Control in Hilbert Space —-
pioneered by the Principal Investigator. It should also be noted that the results
obtained make possible the solution of the optimal selection problem for placement

of proof-mass actuators.

Damping Models: Linear Case

One of the uncertainties in Large Space Structures involves the nature and
extent of the inherent damping. Even if we assume that the damping is linear,
the exact characterization of the damping models is still an open question.

There is considerable evidence -~ and in fact it is widely accepted -- that the
damping must be proportional to the mode frequency: 'proportional damping."

If we assume strict proportionality, then the damping operator has to be the
square root (essentially) of the stiffness operator as shown in [4]. The problem
of calculating the square root in each specific case 1s nontrivial. An explicit
calculation of the square root for the case of beam torsion is presented in [5].
The square root operator is nonlocal and includes terms on the boundary. In

particular for the "clamped" beam the square root is shown to have the form of




a "finite limit" Hilbert transform. The square root operator for beam bending
with end bodies is developed in [6], and is shown to be nonlocal as well as
including boundary terms. We show that if strict proportionality is relaxed
to "asymptotic" proportionality, the corresponding damping operator is indeed

local although still involving boundary terms.

Damping Models: Nonlinear Case

Experimental results on single-mode free response of trusses exhibit signi-
ficant nonlinear damping at high amplitudes. To account for this observed
behavior a class of nonlinear damping models have been developed. The first
results are presented in [7], where in particular the Krylov-Bogoliubov averaging
technique provides a remarkably good approximation to the solution of the
corresponding nonlinear differential equations for the range of damping ratios
of interest. Using this technique it is shown that there is one universal model
-- the "energy" model which will yield the same free response for appropriate
parameter choice as all of the known nonlinear models: Coulomb friction, etc.
This in turn raises the question whether forced response -- in particular response
to random white noise input -- could help resolve the ambiguity. Early results
along these lines are presented in [8]. Finally several nonlinear damping models
for genmeral distributed parameter systems -- beam models of flexible multibody

systems -- are developed in [9].

2. Random Fields
The dissertation by R. Leland [10] continued the approach initiated in
[11] for coherent (laser) beam propagation in atmospheric turbulence in which

the main point of departure is modelling the Markov approximation as white noise

rather than as Wiener process-plus-adhoc Stratonovich correction. In particular




it is shown that band-width expansion yields the white noise model in the
limit. In addition a digital simulation of the laser propagation in strong
turbulence was carried out in verification of the theory. This work has been
accepted for inclusion as a monograph in the Springer-Verlag Lecture Notes

Series in Control and Information [12].
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